IN this paper we propose recording our observations on the variations in the antitryptic titre of the blood of animals during various stages and degrees of bacterial infection and anaphylactic shock. In addition we include observations on the alteration in the antitryptic titre of the serum when anaphylotoxin is produced in vitro. So far we have been unable to find any records of systematic observations regarding variations in the antitryptic titre of the blood in infection, &c., the observations are chiefly scattered clinical observations, there are no records of continued observations.
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In these experiments we have investigated the changes in the antitryptic power of the blood in-(I) Nprmal animals infected with or inoculated with-(A) Non-pathogenic bacteria. (B) Heterogeneous non-toxic protein.
(C) Pathogenic .and virulent bacteria. (D) Exotoxins. (E) Sensitized bacteria. (II) Immunized animals reinjected with the homologous bacteria. (III) Sensitized or immunized animals reinjected with the homologous antigen.
(IV) Variations due to (a) food; (b) phosphorus poisoning, &c.; (c) agents destroying antitrypsin in vitro; (d) drugs affecting the temperature; (e) drugs damaging blood-forming tissue.
(V) Variation in the in vitro preparation of anaphylotoxin. (VI) Influence of antitrypsin on the growth of bacteria.
METHOD.
It has been shown in a previous paper (1) that antitrypsin is not affected by keeping, especially at 00 to 30 C. In order to reduce errors due to strength of trypsin, &c., the samples of serum obtained from a given animal were all stored in this way till the series was complete, and all were tested together, using for the experiment the same gelatine, trypsin, &c.
The method adopted was as stated previouisly (2) . The unit of trypsin was determined as that amount of a 1 per cent. solution which caused complete liquefaction of 1 c.c. of 15 per cent. gelatine in thirty minutes at 370 C. in the water bath. The tubes after incubation were kept at 100 C. for thirty minutes before the reading was taken. The unit of trypsin thus determined was placed in a series of small tubes and graded quantities of the serum to be tested added (the serum was diluted 1: 2 or 1 : 5 according to its titre; which in some cases was determined roughly first). These mixtures were incubated for thirty minutes at 370 C. in the water bath, then 1 c.c. of 15 per cent. gelatine at 370 C. added, and a further period of thirty minutes' incubation in the water bath at 370 C. allowed-then cooled at 100 C. for thirty minutes. The titre was the smallest amount of serum completely inhibiting liquefaction by the trypsin.
(1) NORMAL These experiments appear to show that a period of forty-eight hours' abstinence from food has no marked effect on the antitryptic titre of the blood, and that therefore the abstinence from food during toxsemia is not responsible for the alteration in the antitryptic titre.
Section of Pathology
(b) In phosphorus poisoning there appears to be evidence of autolytic degradation of the tissues, hence it seemed important to ascertain the changes in the antitryptic titre following the injection of oleum phosphoratum B.P. (1) Lactic acid.
Experiment 55.-A rabbit of 2,000 grm. was inoculated intravenously with 5 c.c. of n/1 lactic acid. This was followed by great rapidity of breathing and air-hunger for ten minutes; the animal then rapidly recovered and there was no subsequent ill eftect. In another paper [4] it has already been shown that thp substances which are commonly used for the production of anaphylotoxin in vitro such as agar, starch, bacteria, do not cause adsorption of antitrypsin but cause adsorption of the proteolytic ferment that may be present. Experiment 64.-The following examples of experiments show that a serum may become intensely toxic without an'y alteration in antitryptic titre or increase in non-coagulable nitrogen. In the agar experiments 0 5 per cent. of agar sol. was made in normal saline; it was kept at 560 C. till it was mixed with the serum which was at 370 C., the mixture was thoroughly shaken and then gelled on the ice before incubation. From these experiments we can conclude-(1) That in practically every case of bacterial infection there is a variation in the antitryptic index of the blood plasma-a negative phase varying in amount and duration, but usually representing a drop of 20 per cent. lasting on the average about eight hours, and a positive phase lasting from forty-eight to ninety-six hours.
(2) That the variation in the antitryptic index of the blood bears no relationship to the intensity of the infection or the toxicity of the protein inoculated: a first inoculation of egg albumen produces the same variations as a pathogenic bacterium, with equal weights of the various formns of protein. (Experiment 11.) (3) That previous immunization appears to have practically no influence on the antitryptic curve produced by inoculation of the homologous antigen; similarly sensitization of the antigen produces no difference.
(4) That an infected animal may die with its antitryptic index in any phase: the index may be low if the death is rapid, high if slower; in this stage the blood and tissues may be swarming with bacteria and yet the index is high. On the other hand, an animal may recover with the index lower than its normal. (Experiment 20.) Again animals may die acutely and show no alteration in the" titre. (Experiments 15 and 16.) And again an animal may die from an injection which has produced no initial negative phase in the titre (but only a rise). (Experiments 4, 23, 25.) (5) That in anaphylactic shock the variations in the antitryptic index depend on the acuteness of the shock; in the fulminating shock there is no alteration, in the delayed there is a fall;; and this is not on the average appreciably greater than with a first inoculation of a similar amount of antigen. With recovery from anaphylactic shock the index follows the same course as after a first injection. (6) That anaphylotoxin can be prepared in vitro by substances or bacteria which cause no adsorption of antitrypsin, no auto-digestion such as can be demonstrated by an increase in the amount of noncoagulable nitrogen appears to take place. In fact, it has been shown that agar, &c., far from causing adsorption of antitrypsin and consequent auito-digestion, really hinder proteolytic degradation by adsorbing the ferment and not the anti-ferment.
(7) That food or a short period of abstinence from food has little influence on the antitryptic titre.
(8) That temperature-raising drugs like ,e9-naphthylamine produce a marked variation in the titre, but calcium salts, which also cause temperature variations, do not produce any change. (9) That lactic acid produces a rapid and marked fall in the blood antitrypsin. Even when the fall equals 60 per cent. loss and lasts twenty-four hours, the animal appears to suffer no apparent ill-effect beyond the transitory marked dyspncea directly after the inoculation. The animal, however, shows a great increase of non-coagulable nitrogen in the blood amounting to an increase of 50 per cent. in the first four hours. In infections there is no appreciable increase in noncoagulable nitrogen in the first four hours, in fact, in acute toxasmia the animal may die in four to six hours with no appreciable increase in the non-coagulable nitrogen. Then again the comparison between lactic acid and phosphorus poisoning is interesting. With lactic acid the antitryptic fall is rapid and prolonged and yet there are no signs of proteose poisoning, and the tissues show no gross change when the animal is killed some time after the inoculation; with phosphorus poisoning, the fall in antitrypsin only occurs shortly before death, but the blood has a great increase in non-coagulable nitrogen long before there is any fall in antitryptic titre [4] . (10) That although the antitryptic index varies especially after the inoculation of bacteria and protein substances, yet the inoculation of pure fatty substances produces the same type of variation.
The variations in the antitryptic index of the blood are important in view of Jobling's [5] theory of the causation of bacterial toxammia, and anaphylotoxin production both in vivo and in vitro. Jobling like Vaughan [6] and Teale and Embleton [7] was impressed by the uniformity in the important symptoms of bacterial toxa3mia in animals of the same species fatally infected with widely different types of bacteria. His observations led him to conclude that there was a common cause in all, that the symptoms of poisoning were all through .caused by the formation and accumulation of toxic proteoses due, both in infection and anaphylactic shock, to auto-digestion of the plasma in the former, and with anaphylotoxin produced in vitro to the autodigestion of the serum. His theory is that all these different conditions cause the adsorption of the antitrypsin and consequent auto-digestion of the serum or plasma. (i) Dealing with anaphylotoxin produced in vitro. Our experiments show that an intensely toxic serum can be prepared and yet there is no evidence of any alteration in the antitryptic content or non-coagulable nitrogen of the serum used. Further they show, as seen in another Section of Pathology paper by us [4] , that far from the agar, &c., causing an adsorption of the antitrypsin and allowing unhindered activity of any proteolytic ferment, the agar hinders the activity of the ferment by adsorbing it. Hence, although the methods .at our disposal for demonstrating the toxic higher albumoses in small quantity are very inadequate and'their possible 'presence thus missed-the evidence on the whole does not appear to favour the idea that "anaphylotoxin" produced in vitro is due to proteolytic auto-digestion of the serum.
(ii) In acute anaphylactic shock there is no diminution of antitrypsin and in delayed shock the fall is not appreciably greater than with the primary inoculation. Hence if anaphylactic shock were solely due to proteose intoxication following adsorption of antitrypsin it ought to occur equally with the primary as with the second inoculation. Then again, if loss of antitrypsin is to account for the production of toxic proteoses, there inust be local areas in which the antitrypsin must be completely adsorbed to allow of the action of the proteolytic enzyme -this-might conceivably occur in the capillaries of the lungs and liver especially, where the bacteria and by analogy foreign protein may accumulate after injection. This would then mean that the adsorption of antitrypsin in these local areas is insufficient to make an appreciable difference in the antitrypsin of the blood as a whole. Jobling [8] further concludes that the rapid death following the intravascular inoculation of agar suspension or kaolin, &c., is due to the same causeviz., the agar adsorbing the antitrypsin and permitting auto-proteose intoxication. These acute deaths however, as will be shown later, are due to intravascular clotting, &c., and are not accompanied by alteration in the antitryptic titre, and can be prevented by simnultaneous or preceding injection of leech extract.
(iii) The question of the relation between antitrypsin and bacterial toxammia next requires discussion. It has already been shown that thevariations in the antitryptic curve show no relationship to the pathogenicity, toxicity or virulence of the bacteria or foreign protein inoculated. Hence it would appear that the toxin-provoking powers of a bacterium during infection are in no way parellel to the antitryptic fall, and this should be expected according to Jobling's theory if the toxicity is due to auto-proteose intoxication following antitrypsin adsorption by the inoculated bacteria.
Thus again for any auto-digestion of the plasma to occur we must suppose that there must be local areas of practically complete adsorption of the antitrypsin. This can conceivably only occur in the central organ capillaries where the bacteria rapidly become accumulated by becoming enmeshed in incipient clot prior to phagocytosis [9] . Hence if auto-degradation following removal of the antitrypsin inhibition is to occur at all it could only occur there, and the initial fall in the peripheral blood is due to this local removal of antitrypsin. Against this, in addition to the points mentioned above, are: (1) that a rapid fatal repult can occur without any fall in the antitryptic titre; (2) that animals may die twenty-four to seventy-two hours after infection with a high antitryptic titre and in a septicaemic condition. The only possible explanation for this would be that the new production of antitrypsin provoked by the initial loss leads to over production, and thus the initial negative phase rapidly gives way to a marked positive phase.
These experiments show that an animal may die from septicaemic infection with the antitryptic titre 50 per cent. or more above normal, so that if auto-digestion is still to be invoked as the cause of the toxsemia it would still be necessary to postulate, forty-eight and even seventy-two hours after the primary infection, local areas of absent antitryptic inhibition unaffected by the general increase, which does not seem very probable. In the septicaemic condition such as in the secondary bacterioamia of anthrax the phenomenon of the retention of the bacteria in the capillaries of the central organs and the consequent rapid clearing of the peripherally circulating blood does not occurin the secondary bacterioemia of this septicawmic state the bacteria are fairly evenly distributed so that, if the bacteria cause adsorption of the .antitrypsin at all, there ought to be a rapid fall in titre with its occurrence. This bacterivemia oc6urs rapidly and one would hardly expect a still further new rapid production to occur in this state to make up for the loss. There thus seems to be no relation between antitryptic titre and intensity of toxamia. There thus seems to be no support for the theory of auto-proteose intoxication brought about in this way, especially as bacteria do not adsorb antitrypsin in vitro.
(iv) What is the reason of the variation in the antitryptic curve ?
(1) Some experiments by us to be published soon, show that an animal may die in the first four hours after inoculation of a culture of bacteria without any evidence of proteoses in the blood or any increase of N.C.N.,' later the increase occurs rapidly and in marked degree, and is almost wholly due to urea accumulating in the blood. This increase is all the more marked since badly infected animals take no N.C.N. = Non-coagulable nitrogen.

6S
food and in normal animals abstinence from food greatly diminishes the amount of N.C.N. in the blood. The evidence, therefore, points to greatly increased tissue katabolism, so that the inference is that the serum antitrypsin may have an inhibiting effect on tissue autolysis; but our experiments [4] on this subject show that tissue autolysis is in no way influenced by serum antitrypsin except in so far as the serum alters the amount of free H ions on which the autolysis depends. CHART 1. Chart showing relationship between antitryptic titre and the leucocyte count in a rabbit inoculated with half a twenty-four hour agar slope of Bacillus typhosus. This relationship is by no means universal, since as has been shown above, the antitryptic titre may not fall or even go up but the leukopaenia apparently always occurs. influences leucocyte autolysis. In infection, however, the antitrypsin variation occurs early-in fact too early to be explained by a neutralization of liberated leucocytic ferments due to phagolysis, and further the same occurs when apparently absolutely innocuous proteins are inoculated primarily.
The only fact is that the antitryptic curve varies to some extent with the leucocyte count, with the initial leucopenia it falls, with the subsequent leucocytosis it goes up, but there is no marked degree of relationship of the curves.
The antitrypsin is apparently not liberated from the leucocytes during clotting of the blood-it is present in the same amount in the plasma as the serum, and the amount is not diminished by the disintegration of the leucocytes during clotting.
(VI) INFLUENCE OF ANTITRYPSIN ON THE GROWTH OF BACTERIA. (6) We finally have to consider the point raised by Wright. Wright states that certain bacteria can only grow in the animal body and produce pathogenic effects if the split products of protein digestion are ready at hand for them. He believes from his experiments that this occurs when the serum antitrypsin is destroyed, and the inhibition is therefore removed from the autolytic ferments. Bearing on this we have to note the following facts: (a) That serum antitrypsin is only inhibited when the reaction is N/20 acid (lactic acid) and the serum proteolytic ferment is destroyed by a much lower H ion concentration [4] . (b) That serum antitrypsin in no way affects tissue autolysis except as mentioned above in virtue of the serum neutralizing and diminishing the H ion concentration [4] . (c) That the plasma or serum autolytic ferment is a very weak one. (d) That the autolytic ferments of the tissues are very sensitive to increased H ion concentration [4] .
Thus we would conclude that the split products necessary for the vitality of this special class of bacteria in the tissues are not derived from the serum or tissues because of the inhibition of serum antitrypsin, but are derived from the autolytic degradation of the tissues when the tissues locally are so much damaged that the tissue fluids there are no longer capable of neutralizing the H ion present, and in proportion to the concentration of these H ions autolytic degradation occurs. The viability of the organisms in no way depends on the removal of the inhibitory power of serum antitrypsin. These organisms can derive all the food they require from the tissues, which can autolyse even in the presence of functionally active antitrypsin.
Further, Wright's [10] experiments re the growth of Bacillus Welchi in blood serum do not show the necessary relationships postulated by him-viz., sufficient acidity to destroy the antitrypsin, and thus activate the proteolytic ferment. In his in vitro experiments it can be seen that the vigorous growth occurs with a degree of acidity insufficient to inhibit antitrypsin and yet capable of destroying the proteolytic ferment. Then again, Wright's method of demonstrating increased activity of growth of certain bacteria when the antitrypsin is "neutralized" by the addition of definite amounts of trypsin is inaccurate, and quite different results can be obtained if the serum antitrypsin is inhibited by other methods. Now neutralization of antitrypsin by trypsin is not a true one; it is only temporary, is incomplete, and lasts until the antitrypsin has been digested bythe trypsin. Antitrypsin is purely protein in nature. Thus split products are produced during the course of the experiment from this source alone even if the amount of trypsin added is insufficient to act upon the rest of the substrate during the course of the whole experiment. Wright's method of estimating the amount of trypsin necessary to inhibit the antitrypsin is determined by a preliminary experiment of shorter duration than that in which the bacterial activity is determined. Hence the amount of trypsin added is such that the antitrypsin is capable of inhibiting the action of the trypsin on the rest of the substrate for only a short time, 'and for the remainder of the duration of the experiment the trypsin, having destroyed the antitrypsin, acts upon the substrate, producing an abundance of split products on which the bacteria grow readily. Experimnent 66.-Some-rabbit serum was taken and divided into two parts: (a) untreated, (b) treated with chloroform at room temperature for three hours to destroy the antitrypsin, evaporated to dryness in vacuo to remove the chloroform and made up in sterile saline to original volume; 10 c.c. of each was tubed and inoculated with one drop of an emulsion of Bacillus Welchi from an agar slope growth. Each was incubated anaerobically and then tested by plating out in duplicate one drop of the culture. Each test was made in duplicate, and the figures given represent an average of the counts. Other experiments gave similar results.
Hence the removal of serum antitrypsin has very little influence on the rate of growth of Bacillus Welchi in the serum. In the tissues the primary factor is the reaction, and this with the consequent autolysis favours the growth of this class of organism. The serum antitrypsin plays no inhibitory part, the only inhibitory action exercised is in proportion to its alkalinity. F-14a CONCLUSIONS.
In this paper the variations in antitrypsin in infection and anaphylactic shock are recorded.
There appears to be no relationship between the antitryptic curve and the intensity of the infection, pathogenicity or virulence of the infecting organism.
There is also no relation between the curve and the toxicity of a bacterium to the infected animal.
.These experiments negative the view taken by Jobling that the toxcemia resulting from bacterial infection is due to the formation of toxic proteoses subsequent to the removal of the antitrypsin inhibition on the plasma autolytic ferments.
Further, Wright's hypothesis of the viability and consequent infectivity of certain organisms being due to the removal of the antitrypsin inhibition with the consequent formation of protein degradation bodies for their growth is negatived; the degradation bodies are apparently formed from autolysis of the tissues as the result of the increase of the H ion concentration at the site of infection.
